The nanocomposite of polypyrrole (PPy) and carboxylated multi-walled carbon nanotubes (MWCNT) was synthesized by in situ chemical oxidative polymerization method using HCl as a dopant and Ammonium persulphate (APS) as an oxidant. The MWCNTs were carboxylic functionalized and were ultrasonicated to obtain uniform dispersion within the PPy matrix. Surface morphology of nanocomposites was investigated by Field Emission Scanning Electron microscopy (FE-SEM) and revealed that the functionalized MWCNTs were well embedded. X-Ray diffraction (XRD), Fourier Transform Infrared (FT-IR) Spectroscopy, Raman spectroscopy and UV-Vis spectroscopy were used to characterize the synthesized PPy-MWCNT nanocomposite. It was found that in situ polymerized PPy layer matrix was formed on carboxylated MWCNT and there was uniform dispersion of MWCNTs within the PPy matrix with significant interaction between PPy and MWCNTs. The response of the prepared PPy-MWCNT nanocomposite sensors was studied in the form of sensitivity towards Ammonia gas (NH3). The synergistic effects of the PPy-coated MWCNTs improve the gas sensing properties. Results showed that the sensitivity increased with NH3 concentration and it was also affected by the MWCNT content in PPy matrix. Furthermore, the sensor in pellet form reported here is robust, cost effective and relatively stable at room temperature.
Introduction
Ammonia (NH 3 ) is one of the most harmful pollutant gases present in atmosphere produced by human activity and industrial practices. Its exposure to human being affects health critically [1] . In addition, the presence of ammonia in exhaled human breath beyond certain extent can be treated as symptom of several diseases concern with liver and kidneys [2] . Hence, the detection of ammonia is a very crucial factor in respect to both environmental as well as medical field.
Nanomaterials have been widely used for the preparation of gas sensors to detect variety of gases due to their high surface area and excellent electrical properties [3] - [5] . The metal oxides based sensors developed for various applications were works efficiently, but suffered from low selectivity, short life time and relatively high operating temperature leading to high power consumption [6] . Hence, to overcome the limitations of metal oxide gas sensors, intensive research has been devoted to the development of room temperature operable gas sensors.
Recent studies proved that MWCNTs as one of the ideal materials for gas sensing at room temperature [7] [8] due to its excellent properties. Although, recent studies predicted that MWCNT is one of the ideal materials for gas sensing at room temperature [7] [8], the gas sensing performance could further improve its utility in commercial sector [9] [10] . Therefore, many efforts have been made to overcome their problems and researchers have recognized that functionalized MWCNTs when used with various conducting polymer matrix leads to improve their sensing performance [11] .
Conducting polymers are widely used in sensing material due to its cost effectiveness, high sensitivity, fast response and room temperature operation. Kondawar et al. [12] [13] prepared conducting polymer based composite sensor by different approaches for NH 3 sensing. Jang et al. [14] incorporated MWCNTs to prepare thin film composite sensors with two different conducting polymers and reported comparative study for NH 3 sensing. Among several conducting polymers, polypyrrole (PPy) has been studied extensively in gas sensor applications due to its excellent electrical properties, easy synthesis, good environmental stability and cost effectiveness [15] [16]. Tiwari et al. [17] developed PPy-rGO thin film composite sensor for NH 3 sensing and suggest that incorporation of rGO into PPy had improved the sensitivity and response time. Xiang et al. [18] reported PPy-GN decorated with TiO 2 thin film sensor by sol-gel method for NH 3 sensing and examined its reproducibility, stability etc. Single-walled Carbon nanotubes (SWCNT) based gas sensors were also studied extensively. Hyeok et al. [19] and Huyen [20] were incorporated SWCNT into PPy matrix by simple in-situ polymerization method and they studied the gas sensing performance of thin film composite due to synergistic effect of PPy and SWCNT. Montoya et al. [21] developed NH 3 sensor using PPy-Magnetite nanoparticles and effect of magnetite incorporation into PPy matrix on the stability and electrical properties were studied.
The gas sensors developed so far were in thin/thick film and pellet form irrespective of material used. Thin/ thick film gas sensors required the use of substrate for deposition of sensing material with some particular technique. However, the pellet form of gas sensor does not require any substrate and time consuming deposition technique. Therefore, pelletized gas sensors are cost effective, robust and reasonable sensitivity. Sing et al. [22] designed and fabricated pelletized LPG sensor using iron-antimonate nanostructured material. Barkade et al. [23] developed conducting polymer based composite sensor in pellet form for systematic study of LPG sensing. Venkatesan et al. [24] reported the study of conducting polymer-based nanomaterial pelletized sensor for NH 3 sensing. Yun et al. [25] prepared PANI-MWCNT composite by applying simple oxyflurination method to control the morphology and discussed its effect on NH 3 sensing of composite pellet sensors.
In the present work, polypyrrole-coated multiwalled carbon nanotube composites were synthesized by simple, cost-effective in situ oxidative polymerization method. The gas sensors were prepared in pellet form, which would be robust, cheap and reasonably sensitive to ammonia vapor sensing. The gas sensitive characteristics of composite for different MWCNT content and over wide range of NH 3 vapor concentration were investigated at room temperature. The effect of operating temperature, humidity, long term stability was also studied.
Experimental

Materials
MWCNT and Triton X-100 were received from sigma Aldrich. The pyrrole monomer used was acquired from Spectrochem (Mumbai). Ammonium persulphate (APS) was used as oxidizing agents acquired from SDFC (Mumbai). All the reagents used were analytical grade.
Functionalization of MWCNT
Surface modification and functionalization of MWCNTs were made by using acid boiling reflux treatment. For this, MWCNTs (0.5 g) were suspended in H 2 SO 4 and HNO 3 in a ratio of 3:1v/v to introduce the carboxylic group on the surface of MWCNTs. The suspension was refluxed with vigorous stirring at 80˚C for 12 h. After cooling to the room temperature, the mixture was filtered with filter paper. The filtrated solid was then washed thoroughly with distilled water until neutral pH, and then washed with ethanol. The collected product was dried in oven at 60˚C for 12 h. This product is referred to as functionalized MWCNTs (f-MWCNTs) [26] .
Synthesis of PPy-MWCNT Nanocomposite
The PPy-MWCNT nanocomposites were synthesized by in situ chemical oxidative polymerization. In a typical synthesis experiment, the desired amount of f-MWCNT was added to 60 ml distilled water. The certain amount of Triton X-100 was added as a surfactant to this mixture so as to disperse the f-MWCNTs in water. The solution then ultrasonicated over 1 h to form well dispersed f-MWCNT solution. The 2 ml of pyrrole monomer was added into this MWCNT solution with constant stirring. After addition of pyrrole to MWCNT solution, the mixture was again sonicated for 10 min. The 60 ml of 1M HCl was prepared and added to the PPy-MWCNT solution. The 0.55 M APS solution was prepared by dissolving required amount of APS into 60 ml distilled water and was added drop wise to Pyrrole-MWCNT-HCl mixture solution for 30 min with constant stirring. The stirring was continued for 12 h and then kept standing for 4 h to obtain polymerized black precipitate. The polymerized solution was then filtered and washed several times with distilled water until the filtrate became acid free, and then washed with acetone, ethanol and methanol. The precipitate was dried in an oven at 60˚C for 12 h to obtain PPy-MWCNT nanocomposite.
The six PPy-MWCNT nanocomposite samples were prepared for different amount of f-MWCNTs such as 5 mg, 10 mg, 20 mg, 40 mg, 80 mg and 160 mg keeping PPy concentration constant. The % content of f-MWCNT in PPy matrix was 0.25%, 0.50%, 1%, 2%, 4% and 8%. The pristine PPy sample was also synthesized using the similar method given above except use of MWCNT.
Characterization
The morphology of the synthesized nanocomposites was studied on Hitachi S4800 Type-II Field Emission Scanning Electron Microscope. X-ray diffraction (XRD) patterns were performed on a Bruker D8 Advance diffractometer with Cu Kα radiation. Raman spectra were recorded at room temperature on JY Horiba HR800 Raman spectrometer employing a 488 nm Argon laser beam. Fourier transform infrared (FT-IR) spectra were recorded on a Shimadzu IR Affinity spectrophotometer with KBr pellets to ensure functional groups. UV-Vis spectra were recorded on Shimadzu UV-2450 spectrophotometer using quartz cell and N,N-dimethylformide (DMF) as a solvent.
Gas Sensor Fabrication and Testing Method
The pure PPy and PPy-MWCNT nanocomposites powder was pressed into pellet of diameter 15 mm and thickness ~6 mm by hydraulic press (Kimaya, Pune). The compressed pressure and time was optimized to maintain porosity as high as possible. The electrical contacts are made at a distance about 12 mm with the help of silver paste on the surface of the pellet to form gas sensing element.
The sensor testing was carried out in an indigenous designed instrument and fabricated by Subhadra Scientific, Pune. The setup of gas sensing apparatus is shown in Figure 1 . The sensing pellet was kept in sample holder, which then placed inside the glass chamber (0.5 L) with gas inlet and outlet ports. Each sample was kept inside the glass chamber at atmospheric pressure for at least 30 min before injecting the gas to stabilize the resistance of the sample. The electrical resistance was measured by a Multimeter (Keithley, 2000) , that was connected to computer for data acquisition. The performance of the sensor was measured in terms of % sensitivity (S), which is defined as:
where, R a and R g are values of sensor resistance in air and in presence of NH 3 gas, respectively.
Results and Discussion
Characterization of PPy-MWCNT Nanocomposite
The Field Emission Scanning Electron Microscopy (FE-SEM) images of f-MWCNT, pure PPy, and PPy-MWCNT nanocomposites are shown in Figure 2 . It can be observed that many nanotubes are loosely entangled together without any particle-like impurities as shown Figure 2(a) . The pure PPy has spherical granular structure with particle size in the range ~100 -400 nm [27] as observed in Figure 2 (b). The PPy was coated onto surface of MWCNT retaining its spherical granular structure for 4 wt% MWCNT content sample as presented in Figure  2 (c). Such granular morphology is appropriate for gas sensing application. The PPy is uniformly coated onto the MWCNT surface for higher content of MWCNT (8 wt%) as observed in Figure 2(d) . The diameter of PPy-MWCNT (8 wt% MWCNT) increased to about 80 nm as compared to 10 nm diameter of pristine f-MWCNT. The micrograph images of composites clearly reveal that every individual MWCNT were coated by PPy and evenly well dispersed within PPy matrix. The XRD pattern of PPy, PPy-MWCNT nanocomposites and f-MWCNT are shown in Figure 3 . The results are quite in agreements with the results reported by Zhang et al. [28] . The spectra show the peak at 2θ = 24.4˚ and 43˚ can be attributed to graphite like structure. The existence of weak and broad diffraction peak at 2θ = 15˚ -33˚ for pure PPy indicates that the PPy is amorphous in nature. For PPy-MWCNT nanocomposite, one broad and high intense peak appeared at around 2θ = 25˚ and small intense peak appeared at 2θ = 43˚, which is the characteristic peak of PPy and graphite like structure of MWCNT respectively. The overlapped diffraction peaks of MWCNT with PPy depict the formation of PPy-MWCNT nanocomposite by in situ polymerization synthesis process [29] .
The Raman spectra of Pure PPy, MWCNT and PPy-MWCNT nanocomposites are shown in Figure 4 . In the Raman spectrum of pure PPy, the characteristics bands appears at 1572 and 1337 cm −1 , which were assigned to the C=C backbone stretching and the ring stretching vibration of PPy respectively [30] . The Raman spectrum of the carboxylated MWCNTs showed two prominent characteristics peaks-D band (1368 cm −1 ) and G band (1590 cm −1 ). In the Raman spectrum of PPy-MWCNT nanocomposite, the D band becomes broad during the synthesis process. The G-band of the MWCNTs and the C=C stretching vibrations are merged into a broad band with a maximum at 1579 cm −1 [31] . In addition, both these D and G band shift slightly, when MWCNT was introduced into the PPy matrix. This is probably due to the doping of carboxyl group of functionalized MWCNTs to PPy backbone and π-π interaction between PPy and MWCNTs [29] .
The FT-IR spectra recorded for PPy, f-MWCNT and PPY-MWCNT nanocomposites are shown in Figure 5 . In the FT-IR spectrum of MWCNT, the small intense peak 1683 and 1729 cm −1 corresponds to the C=C stretching mode and C=O stretching vibrations of the-COOH group, respectively, indicated that the MWCNTs had been successfully oxidized into carboxylated carbon nanotubes [29] [32] . In the spectra of Pure PPy, the absorption bands obtained at 1558 cm −1 and 1464 cm −1 corresponds to the anti-symmetric and symmetric C-C stretching vibration respectively in pyrrole ring. The band at 1291 cm −1 is related to the C-N in-plane, and the bands at 1175 and 1042 cm −1 are associated to the C-H bending modes while the band for C-H out-of-plane deformation vibration was observed at 898 cm −1 [29] . The peaks at 672 cm −1 corresponding to ring deformation, 948 cm −1 corresponding to C-H deformation [33] . It was observed that all the spectra contain a very weak but broad adsorption band in the region between 2500 cm −1 to 3500 cm −1 , which is commonly assigned for the adsorption band of O-H, C-H, N-H groups [20] . The characteristic peaks of PPy at 1454 cm −1 and 1545 cm −1 are also observed for the PPy-MWCNT composites, indicating the formation of PPy in presence of MWCNT. It is important to observed that peak of PPy at 1545 cm −1 becomes slightly broaden in almost all nanocomposite samples and the characteristic peaks of MWNTs are hardly seen which indicates the better interaction between the aromatic ring of pyrrole and MWCNT [34] [35] . It is observed that all the peaks appeared in the fingerprint region of PPy are observed in the FT-IR spectra of PPy-MWCNT nanocomposites indicating that main constituents of PPy and its nanocomposite with MWCNTs have the same chemical structure. However, the incorporation of MWCNT results into the slight shifting of FT-IR bands from its original position. This shift in peak position is due to the strong synergetic interaction, loss in conjugation and molecular order after modification of PPy with MWCNTs and can be attributed to chemical interactions between active sites in PPy and MWCNTs [36] .
To understand the effect of addition of MWCNTs in PPy matrix, the UV-vis spectroscopy was carried out. Figure 6 depicts the UV-vis spectra of PPy, PPy-MWCNT nanocomposites and MWCNT. As shown in curve (a) of Figure 6 , PPy sample shows broad absorption peak at 475 nm which is in good agreement with reported [36] . There is no absorption in the 300 -800 nm range for MWCNT sample as reported by T.-M. Wu et al. [37] . The typical absorption peak of PPy-MWCNT composite at approximately 490 nm is attributed to the transition from the valence band to the anti-bonding polaron state [38] , showing that the synthesized PPy-MWCNT composite are in the doped state. The amount of MWCNTs dispersed can be determined from the absorbance occurred in the visible range. The shift in absorption peak in PPy-MWCNTs nanocomposite towards higher wavelength indicates that there is strong interaction between PPy and MWCNTs and poor conjugation which changes PPy from quinoid structure with large conjugation to benzoid structure with almost no conjugation.
I-V Characteristics
I-V curves of PPy-MWCNT (4 wt% and 8 wt%) composites along with pure PPy at room temperature represented in Figure 7 . All the sensors exhibited ohmic behavior within the range −4 V to +4 V. This ohmic behavior clearly indicates that the change in resistance could be only due to the influence of the gas exposure.
Sensing Mechanism and Gas Sensing Test
Sensing Mechanism
The electrical resistance of PPy-MWCNT sensor increased when it exposed to NH 3 gas. The change in electrical resistance of sensor is attributed to the charge transfer mechanism between NH 3 and PPy-MWCNT surface. Such p-type behavior was also observed in PPy-based and MWCNT-based sensors [39] - [42] , where PPy and MWCNT behave as p-type semiconductors. This suggest that, the adsorption of NH 3 on PPy-MWCNT composite reduces the number of holes in PPy and MWCNT leads to increase in resistance, as NH 3 is an electronic donating gas. However the amount of change in resistance depends on the interaction between PPy and MWCNT. In other words, the sensitivity determining aspect of the composite was related to its morphology. As it is observed that the MWCNTs were well embedded within the PPy, thereby increasing its surface area to the NH 3 thus giving higher sensitivity.
Effect of MWCNT Content
The sensing characteristics of all prepared nanocomposite sensors including pristine-PPy for 2000 ppm NH 3 concentration at room temperature is shown in Figure 8 . It can be observed that the response of composite to NH 3 gas increased initially as MWCNT content increased up to 4 wt%, and decreased afterward for further increase in MWCNT. The PPy-MWCNT sensor synthesized for 4 wt% MWCNT show the highest response (17.11%) at room temperature. Therefore it is predicted that the sensitivity of composite sensor is greatly influenced by variation in the MWCNT content. This is because the content of CNT strongly affects the morphology and the electrical property of the PPy-MWCNT composites [43] - [45] . The increase in sensitivity with increase in MWCNT content is attributed to increase of surface area of composite material, providing more active sites for adsorption of NH 3 gas molecules and thus increase in sensitivity is obvious. However further increase in MWCNT content makes the composite electrically shorted, thereby increasing the percolation effect by highly conductive carbon nanotubes [27] . Also, the conductivity of the composite is dominated by the metallic CNTs. This suggests that both these phenomenon could be responsible for decrease in the composite sensor response.
Effect of NH3 Concentration
The variation of sensor response of PPy-MWCNT (4 wt%) sample at room temperature with NH 3 concentration is indicated in Figure 9 . The graph revealed that the sensitivity of PPy-MWCNT composite sensor linearly increased. It was found that PPy-MWCNT composite exhibits higher response than pure PPy. The higher sensitivity of PPy-MWCNT composite is due to the synergistic effect of pure PPy and due to carboxylic functionalized MWCNTs. The sensitivity of composite sensor increased from 3.07% to 17.11% over 200 -2000 ppm concentration range of NH 3 . This is because the sensitivity of sensor depends on the removal of adsorbed oxygen molecules by reaction of target gas and generation of electrons. For a smaller concentration of gas exposed on fixed surface area of sensor, lower surface reaction was occurred due to lower coverage of gas. An increase in gas concentration raises the surface reaction due to larger surface coverage [46] . Chen et al. [45] study on PPy-MWCNT thin film prepared by different oxidizing agent and dopant showed the sensitivity in the range 17 -23 at 2000 NH 3 . In our study, the observed sensitivity of 17.11% at 2000 ppm was lies in this range.
Gas Response Curve
The transient gas response curves of the sensor to 2000 ppm of NH 3 at room temperature and 55˚C temperature are shown in Figure 10 . A sharp rise in resistance (consequently % sensitivity) was observed at both temperatures, as adsorption process proceeds very fast at initial stage and subsequently, it become slower near the equilibrium. This may attribute to the fact that there are a great way of accessible vacant surface sites are available for adsorption during the initial stage, thereafter the remaining vacant surface sites becomes less with time [47] . It was observed that sensor showed extremely slow recovery after removal of NH 3 gas at room temperature and it takes several min to recover completely as reported by other researchers [48] . At 55˚C temperature, the resistance (consequently % sensitivity) found to be decreased with decrease in recovery time took place from several min to 34 sec. Therefore increase in temperature causes improvement in recovery time. This is attributed to that the desorption rate of NH 3 molecule may increased due to rise in temperature [35] . The observed response time of composite sensor to NH 3 gas was 34 sec and 32 sec. at room temperature and at 55˚C respectively. 
Effect of Operating Temperature
The purpose of the present work was to develop room temperature NH 3 sensor. However, we also tested the composite sensor at different temperatures to study the effect of operating temperature. The obtained response for PPy-MWCNT (4 wt%) sensor at operating temperatures such as 28˚C, 45˚C, 55˚C and 65˚C at 2000 ppm of NH 3 concentration represented in Figure 11 . The response of sensor found to be decrease with increase in operating temperature. The reason behind explained as follow. The gas sensing process involves diffusion of gas molecules in the bulk of sensor and, the reaction between them. Temperature can affect both the process; consequently, an increase in temperature will shift the equilibrium to desorption, as adsorption always prefer low temperature [35] . Therefore gas sensing response of composite will decrease with increase in temperature.
Effect of Humidity
To study the effect of humidity on NH 3 sensing performance of composite sensor, the salt solution method described elsewhere [49] was used. The saturated salt solutions of NH 4 NO 3 , NaCl, KCl and KNO 3 were used to obtain 62%, 75%, 84% and 92% humidity levels respectively. Figure 12 indicates the variation in sensitivity of PPy-MWCNT (4%) sample with humidity exposed to 2000 ppm of NH 3 gas. A little fall in sensitivity (~9%) observed in 35% -62% range of relative humidity but decreased significantly thereafter. It is known that PPy is generally stable at very low temperature and low humidity, but affect at high humidity [50] . Furthermore, the resistance of carboxylic functionalized MWCNT increased with increase in humidity due to their hydrophilic nature [51] . Therefore it is expect that PPy-MWCNT can also be stable to some extent at lower humidity but heavily affected at high humid environment.
Stability
When evaluating reliability of sensor, stability is the vital factor to be considered. The sensitivity of PPy-MWCNT sensor to 2000 ppm of NH 3 gas was recorded at room temperature for 40 days periodically at an interval of 4 days and is represented in Figure 13 . It can observe form the response curve that the sensitivity dropped by only ~5% after 40 days. This might be due to that the polymer based sensor posses a common drawback of decrease in response due to aging-induced effects [52] .
Selectivity
The selectivity of PPy-MWCNT composite sensor was also tested for other gases such as Liquid petroleum gas (LPG), Ethanol, Methanol, Acetone and Chloroform at the same concentration and the response is represented in Figure 14 . The PPy-MWCNT sensor was found to be highly selective towards NH 3 among the other gases. 
Conclusion
A Polypyrrole-multiwalled carbon nanotube (PPy-MWCNT) composite for different MWCNT content has been successfully synthesized by in situ chemical oxidative polymerization. FE-SEM images confirm that PPy has successfully formed on the surface of MWCNTs. XRD, Raman, and FT-IR spectrum revealed the incorporation of MWCNT into the PPy matrix. UV-vis spectrum shows that the synthesized PPy-MWCNT composites are in the doped state. The PPy-MWCNT nanocomposites pellet sensors showed good sensitivity to NH 3 gas at room temperature. The content of MWCNT in the PPy significantly affects the sensitivity towards NH 3 . The most sensitive PPy-MWCNT nanocomposites sensor to NH 3 gas obtained with 4 wt% MWCNT content and found to be stable in operation against the variation in operating temperature and humidity.
